Establishment and banking of somatic cell lines contributes to the conservation of animal genetic resources, especially those threatened with extinction. Cryobanked cells can be used for somatic cell nuclear transfer (SCNT) many years after a genetically-valuable animal is dead. Banked cells constitute an excellent source of material for conducting diverse fundamental as well as applied research studies. It is worth noting that germ cell lines and even gametes were generated from induced pluripotent stem cells (iPSCs) that had been produced by epigenetic reprogramming (i.e., molecular dedifferentiation) of fetal or adult fibroblast cells (Zhu et al., 2012; Ishii, 2014) . Results of these experiments raise hope and create opportunities for utilizing somatic cells in embryo production, especially when applied to animals that are on the verge of extinction. Thus, preservation of somatic cells provides an alternative method aimed at both maintenance of genetic resources for endangered mammalian species and the in situ or ex situ conservation of their biodiversity.
The development and optimization of somatic cell cloning technology in domesticated animal species and the establishment of somatic cell banking for the purposes of recovery of endangered mammalian breeds and species threatened with extinction appear to be inevitable (Samiec, 2005 a; Gómez and Pope, 2015; Moulavi et al., 2017; Wani et al., 2017) . The variability of animal genetic resources is a pivotal determinant of perpetuating the biodiversity in domesticated and free-living mammalian species. On the one hand, if these genetic resources are not protected from the extinction, they will be lost forever. On the other hand, research focused on the thorough explanation of biological mechanisms underlying proliferative activity, genetic stability, replicative senescence, physiological aging, programmed cell death (apoptosis) of cultured nuclear donor somatic cells and the subsequent epigenetic reprogramming of their cell nuclei both in the oocytes reconstructed by SCNT and in the resultant cloned embryos will have not been completed (Miyamoto et al., 2007; Gómez et al., 2008; Samiec and Skrzyszowska, 2010 Wang et al., 2017; Agrawal et al., 2018; Zhang et al., 2018) .
The efficiency of intra-and interspecies somatic cell cloning of mammals (including domesticated and wild felids) is dependent, to a high degree, on not only the type/ origin of nuclear donor cells but also morphological, cytological and molecular quality of frozen/thawed and ex vivo expanded nuclear donor cell lines that encompass genetic resources derived from different animal species or breeds (Lee et al., 2010; Samiec and Skrzyszowska, 2010 a, 2012 a; Samiec et al., 2013 Samiec et al., a, b, 2015 Opiela et al., 2013 Opiela et al., , 2017 Veraguas et al., 2017; Gouko et al., 2018) . This efficiency is also affected both by epigenetic reprogrammability of nuclear donor cell-inherited genome (Samiec and Skrzyszowska, 2005 b, 2018 Imsoonthornruksa et al., 2010; Gómez et al., 2012; Jin et al. 2018; Wang et al., 2018) and by nuclear-cytoplasmic intergenomic communication that takes place before and after artificial activation of mammalian nuclear-transferred oocytes and following onset of developmental program of resultant cloned embryos (Samiec, 2005 a, b; Samiec et al., 2012; Samiec and Skrzyszowska, 2010 b, 2014; Imsoonthornruksa et al., 2012; Wittayarat et al., 2013 a) . Moreover, it is beyond any doubt that fetal or adult cutaneous fibroblast cell lines provide the most often used source of nuclear donor cells intended for SCNT in mammals, including domesticated animal species and their threatened, vulnerable or endangered wild living counterparts (Yin et al., 2008 a, b; Imsoonthornruksa et al., 2010 Imsoonthornruksa et al., , 2012 Samiec and Skrzyszowska, 2010 a, 2012 a; Do et al., 2016) .
Available reference materials fail to provide uniform culture protocols for dermal fibroblasts obtained from the domestic cat. Similar to other mammalian species, these cells are usually cultured in DMEM (Skrzyszowska et al., 2002; de Barros et al., 2010; Song et al., 2007; Guan et al., 2010; Wittayarat et al., 2013 a, b; Moro et al., 2015) or DMEM/F12 media (Wen et al., 2003; Song et al., 2007; Moulavi et al., 2017; Veraguas et al., 2017) , typically supplemented with serum (10% or 20%) and antibiotics (1%).
Basic fibroblast growth factor (bFGF or FGF-2) belongs to the FGF family and is involved in wound healing, angiogenesis and cell differentiation. It is a well known mitogen that affects growth, proliferation and migration of various types of cells, including fibroblasts (Gospodarowicz and Moran, 1975; Gospodarowicz et al. 1976; Kanazawa et al., 2010; Makino et al., 2010) . It was assumed that supplementation of culture media with bFGF would exert a positive effect on proliferation of domestic cat dermal fibroblasts and thus contribute to increasing the efficiency of cell culture. Currently, there are no detailed data concerning the impact of bFGF on feline fibroblasts under in vitro conditions. Therefore, the aim of the study was to optimize the cell culture protocol for cat dermal fibroblasts by assessing the influence of different culture media and different doses of bFGF on the proliferation and viability of dermal fibroblasts in terms of cell banking and somatic cell cloning of felids. We used domestic cat dermal fibroblasts as a model for those from wild felids.
Material and methods

Chemicals
All chemical reagents were purchased from Sigma-Aldrich Poznań, Poland, unless otherwise indicated.
Skin biopsy and ethical approval
Skin biopsies were obtained according to guidelines issued by ethical committees (Kraków, Wrocław) and consent from the owners of 7 domestic cats (Felis catus) of different breeds (8-year-old Ragdoll male, 7-year-old Siamese female, 2-year-old Devon Rex female, 6-year-old Norwegian Forest female, 4-year-old British shorthair female, 3-year-old Maine coon female and a dead newborn Neva Masquerade male). Tissues (0.25-0.4 cm 2 ) were collected from the inguinal area following anesthesia of the animal. Immediately after biopsy, skin pieces were submerged individually in phosphate-buffered saline (PBS; Polfa, Lublin, Poland) supplemented with 1% antibiotics (AAS: Antibiotic-Antimycotic-Solution) and transported on ice to the laboratory.
Cat dermal fibroblast cultures
The skin samples were rinsed in 70% ethanol and then 3 times in PBS supplemented with AAS, cut into small (~1 mm 2 ) pieces, seeded on the bottom surface of 25-cm 2 tissue culture flasks (T25) and cultured in medium DMEM (D) and/or DMEM/F12 (F), both supplemented with 5 ng/ml bFGF (D-5, F-5, respectively; see subsection Experimental design). The skin samples from each animal were cultured individually at 37°C in a humid atmosphere containing 5% CO 2 . When the cells reached 70-80% confluency around the explants, they were rinsed in PBS, routinely trypsinized (2 min) in 0.25% trypsin-EDTA solution, suspended in medium without bFGF (D-0 or F-0) and centrifuged (467 × g; 7.5 min). The cell pellets obtained were resuspended in 1-2 ml of D-0 or F-0 medium, and the cells were counted using a hematocytometer. After estimation of their viability (using 0.4% trypan blue), the cells were seeded (passage I) in equal numbers in new T-flasks in culture media with (D-5, F-5) or without bFGF (D-0, F-0) and cultured. The media were changed every 2-3 days. After reaching ~70-80% of confluency, the cells were trypsinized, counted, evaluated in terms of viability and passaged 3-4 times or stored in freezing media. The cells were frozen in DMEM or DMEM/F12, supplemented with 10% dimethyl-sulfoxide (DMSO) and 10% FBS, or in two commercial media: CellBanker 2 (Takara Clontech Laboratories, USA) or CryoDeffend-Cell lines (R&D Systems, USA).
Cell counts and growth curves at different doses of bFGF
Secondary fibroblasts obtained from skin explants as described above were inoculated in 24-well plates (at a density of 20000 cells/well) in 0.5 ml of medium D (DMEM) supplemented with 0 (D-0), 2.5 (D-2.5), 5 (D-5) or 10 (D-10) ng/ml bFGF and cultured for 24, 48, 6-7, 8-9, 10-11 or 13-14 days. On designated days, the cells were harvested from two wells for each bFGF treatment and counted. The viability of cells was also estimated. The mean cell count/well was recorded and growth curves were plotted against culture time. The population doubling time (PDT) was calculated based on the curves using a Doubling Time Cell Culture Calculator (http:// www.doubling-time.com/compute.php; Roth, 2006) . The experiment was performed in duplicate on two different lines of fibroblasts.
Experimental design
Experiment I. In the first experiment, the influence of two different culture media supplemented with or without bFGF (5 ng/ml) on cat dermal fibroblast proliferation and viability was tested. The culture media used in the experiment were: I) DMEM (Dulbecco's Modified Eagle's Medium), supplemented with 1% Hepes (1M Hepes buffered saline) and 1% NEAA (100x Non-essential Amino Acid mixture) and II) DMEM/F12 (Dulbecco's Modified Eagle's Medium/Nutrient F-12 Ham's Medium). Both media were supplemented with 10% FBS (Fetal Bovine Serum), 1% AAS and a) either with 5 ng/ml bFGF (D-5, F-5) or b) without bFGF (D-0, F-0).
Experiment II was performed based on the results obtained from the first experiment. In order to determine the optimal doses of bFGF, secondary fibroblasts were cultured in 24-well plates in medium DMEM supplemented with 0, 2.5, 5 or 10 ng/ml of bFGF for 2-14 days. On the designated days (see above) the viability and the number of cells per well were estimated.
Statistical analysis
The effect of DMEM and DMEM/F12 supplemented with/or without bFGF on feline fibroblasts was analyzed using Student's t-test. The influence of different doses of bFGF on viability of fibroblasts and their ability to proliferate was analyzed using ANOVA followed by Tukey's test. The results are presented as means ± SEM. Differences between means were considered statistically significant at P<0.05.
Results
The effect of different culture media and bFGF on feline dermal fibroblast proliferation and viability
In both culture media (DMEM and DMEM/F12 ) the first fibroblast-like cells (Figure 1 a, d) near the skin explants obtained from living individuals were observed after 5-6 days of culture, while it took 2-3 days longer than this for them to appear around the explants obtained from the dead newborn Neva Masquerade. After 12-14 days, the cells cultured in D-5 reached ~80% of confluency and the first passages were performed. For cells cultured in F-5, the first passages were carried out after 12-21 days of culture. During passage I, the mean cell count/flask was similar for both media (Figure 2 ). In subsequent passages in all media an increased cell number per flask was noted, especially for fibroblasts cultured in D-5, as compared to D-0, F-5 and F-0. For cells cultured in D-5, passages II, III and IV were performed 8-9, 5-7 and 6-8 days after the previous passages, respectively. For fibroblasts incubated in D-0, slower proliferation was observed and subsequent passages were carried out after 8-12, 6-16 and 8-11 days of culture. In medium DMEM/F12, no significant effect of bFGF on the proliferation of cultured fibroblasts was observed and the results were similar to those obtained for D-0 (Figure 2 ). For cells cultured in F-5 and F-0, passages II and III were made after 8-15 days of culture. Due to poor proliferation in F-0, passage IV was carried out only for cells cultured in F-5. No effect of media on cell viability was observed (Figure 3) . In all media, the cells exhibited fibroblastlike morphology, however in media without bFGF the cells were spindle-shaped (fusiform) and more elongated than in the media with bFGF. In the latter, fibroblasts were smaller, slightly more convex, bipolar, triangular or polygonal and had 2-3 short processes (Figure 1) .
The effect of different doses of bFGF on feline fibroblast proliferation and viability
A dose-dependent effect of bFGF on the proliferation of domestic cat dermal fibroblasts was found. 
Discussion
In this study we have demonstrated a significant effect of culture media as well as bFGF on the ability of domestic cat dermal fibroblasts to proliferate under in vitro conditions. It has been recognized that culture conditions, including the type of media used, may change gene expression in the ex vivo expanded somatic cells and the ability of the somatic cell nuclei to be epigenetically remodeled/reprogrammed after their transfer into a cytoplasm of enucleated oocytes, and thus affect the overall efficiency of somatic cell cloning in different mammalian species (Powell et al., 2004; Giraldo et al., 2008; Imsoonthornruksa et al., 2010; Gómez et al., 2012; Kim et al., 2015; Samiec and Skrzyszowska, 2018 a, b) . In our study, explants were cultured in DMEM and DMEM/F12 media, which are routinely used for feline fibroblasts as well as those from other mammalian species. Both media were supplemented with 5 ng/ml bFGF (D-5, F-5). In both media, the first fibroblast-like cells appeared after 5-6 days of establishing the culture or after 8 days at the latest around the skin ex- As far as dead animals are concerned, Moulavi et al. (2017) did not obtain live cells from tissues (skin and muscles) collected from a female Asiatic cheetah (Acinonyx jubatus venaticus) that were frozen without a cryoprotectant and stored for 10 days at -20°C. However, it is worth mentioning that after reconstruction of domestic cat (Felis silvestris catus) enucleated oocytes by intracytoplasmic microinjection of the cell nuclei isolated from non-viable dermal Asiatic cheetah somatic cells, the inter-genus and inter-species (i.e., Asiatic cheetah→domestic cat) cloned embryos generated were able to undergo cleavage divisions and almost 6% of them developed in vitro to the morula stage (Moulavi et al., 2017) . Aoued and Singh (2015) obtained goat fibroblasts from skin explants stored at 4°C for 0 (control) to 160 days after death of their donor. In control samples, the first fibroblast cells were found after 4 days, while it took 10-12 days following establishment of the culture for explants stored at 4°C. In our studies (Młodawska, unpublished data) we obtained (and froze) fibroblasts from the skin of a dead newborn tiger (Panthera tigris, female, that probably lived for only a few hours after birth). Unfortunately, we could not obtain fibroblasts from skin explants harvested from another dead tiger (male, stillborn baby tiger, approximately 60th day of pregnancy), despite maintaining the explants in culture for 21 days. The research mentioned above shows that cryoconservation of tissues and cells from dead individuals, especially in the case of endangered species, is worth the effort. Preserved genetic resources may be used in the future not only for the purpose of assisted reproduction but also as a unique source of cells for various types of phylogenetic and evolutionary research.
Research suggests that culture conditions (such as, e.g., culture media, growth factors, seeding density, oxygen tension) may exert a significant impact on the proliferative lifespan of cultured mammalian somatic cells (Balin et al., 2002; Miyamoto et al., 2007; Gómez et al., 2008; Samiec and Skrzyszowska, 2012 a; Samiec et al., 2013 a, b; Gouko et al., 2018; Zhang et al., 2018) . In the study presented here, in medium D-5 the cells proliferated faster and formed monolayers earlier than in DMEM without bFGF (D-0) or DMEM/F12 (F-5, F-0). These results suggest that DMEM supplemented with bFGF is more useful for culturing domestic cat dermal fibroblasts than DMEM/F12. This effect may be the result of different media composition (e.g., different glucose, vitamin or amino-acid content) as well as individual characteristics of the animal from which the cells were obtained (e.g., breed, sex, age). For instance, in the case of explants from the male Ragdoll (8 years) and a dead newborn Neva Masquerade male that were cultured in D-5 and F-5, the first passages were made after 13 and 14 days of culture. As for cells from the female Norwegian Forest cat (6 years), they proliferated at a faster rate in D-5 than F-5 and the first passages were performed after 14 and 21 days in culture, respectively. The effect of three different media on goat dermal fibroblast proliferation rates was shown by Singh and Sharma (2011) . Kim et al. (2015) conducted experiments involving primary cell cultures obtained from dog skin explants grown in DMEM and reported the presence of a monolayer after 15 days in culture, while in RCMEp (medium for adipose-derived stem cells; including among other components, 10 ng/ml FGF) as early as 7 days after establishing the culture. The available literature does not contain information on the impact of bFGF and different types of media on the proliferation of domestic cat and wild felid fibroblasts.
To determine the optimal dose of bFGF for domestic cat dermal fibroblasts, in experiment II the cells were cultured in DMEM with 0, 2.5, 5 and 10 ng bFGF/ml. A dose-dependent effect of bFGF on the proliferation ability of these fibroblasts was found. The cells cultured in DMEM supplemented with 5 and 10 ng bFGF/ml (D-5, D-10) displayed similar and at the same time higher proliferative abilities compared to cells cultured in medium without bFGF (D-0). In medium with 2.5 ng bFGF/ml (D-2.5) the cells exhibited almost the same ability to proliferate as in D-5 and D-10. However, we did not find significant difference between proliferation of cells in D-2.5 and D-0. These results suggest that supplementation of the culture media with 2.5 ng/ml bFGF may be insufficient to increase proliferation rate of the domestic cat dermal fibroblasts in vitro. Similar results were reported by Makino et al. (2010) who demonstrated that bFGF stimulates proliferation of human dermal fibroblasts in a dose-and time-dependent manner and that this effect is mediated via the ERK1/2 and JNK signaling pathways. A stimulatory effect of bFGF on in vitro proliferation of human dermal fibroblasts has also been reported by Abdian et al. (2015) . Song et al. (2007) were successful in culturing skin fibroblasts from the Siberian tiger (Panthera tigris altaica) in DMEM/F12 supplemented with 10 ng/ml EGF (epidermal growth factor). However, these authors did not culture cells in a medium without EGF and thus, it is not possible to establish a causal effect of this growth factor on the proliferative ability of skin fibroblasts from the Siberian tiger.
Our results show that different types of media and diverse bFGF doses do not affect cell viability. However, the influence of bFGF on fibroblast morphology was noted. A similar impact of bFGF on the morphology of different cell types, including fibroblasts, was reported by other authors (Gospodarowicz and Moran, 1975; Gospodarowicz et al. 1976; Silvério et al., 2007; Hu et al., 2013) . Cells cultured without bFGF were spindle-shaped and more elongated, were sometimes slightly flattened and exhibited the lowest proliferation ability. Addition of bFGF supported cultures with greater cell counts, and smaller, slightly more convex, polygonal cells with short processes. It can be supposed that such morphology is the result of faster cell proliferation. It is thought that the rounded cells are poorly adherent to the surface, or this type of morphology may indicate that the cells have just undergone mitotic divisions (Gamal et al., 1998; Silvério et al., 2007) . A flattened morphology and increased cytoplasm volume is observed when cells stop dividing and enter the senescent state or under stressful culture conditions (Zainuddin et al., 2010) .
In conclusion, medium DMEM supplemented with bFGF provides better culture results for domestic cat dermal fibroblast cells than DMEM/F12. Supplementation with bFGF has a beneficial effect on in vitro proliferation of domestic cat fibroblasts and could be recommended for addition to culture media. The results of the current study provide the biological and biotechnological foundations that can contribute not only to the restoration and maintenance of genetic resources deposited in the form of neonatal/adult dermal fibroblast cell lines derived from domestic cat breeds or endangered wild living felids, but also to the in situ and/or ex situ conservation of biodiversity by applying intra-or interspecies somatic cell nuclear transfer (SCNT) within the Felidae family.
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